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1. Boost the learners’ level in maths 
and in traditionally taught physics 
(e.g. classical mechanics, waves, 
electromagnetism or thermodynamics)
by attractive subjects: 
not replace but complete the 
“classical” curriculum

Research ROSE 
(Relevance of Science Education)

Ø Similar results across many 
countries

Ø Averages for « ordinary » 
science subjects are about 2

Motivation & Purposes
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2. Improve the links between high school and actual research

Students who learn physics up to the 19th century have a distorted idea about the 
main issues of modern physics

3. Medium level of transposition

Activities based on high school skills on maths and “classical” taught physics 

⇒ neither for a wide public (zero equations), nor academic level 

• Contents are based exclusively on the sec II sciences’ study plan (“gymnase”)

• Progressive level of difficulty

Motivation & Purposes
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Course of 8 chapters 

• Theory (book, 2018 & 2023 in FR; 2024 in IT; EN planned for march 2026) 

• Exercises & activities with corrections 

è Ideal for a physics optional course (2h/week), starting from senior high school 

è Toolbox for many others teaching contexts (punctual activities)

è Complete intro for any interested learner with a good scientific background

Teaching material

https://nccr-swissmap.ch/school-teachers-
children/general-relativity

https://physalice.ch/cosmologie/
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Course of 8 chapters 

• Theory (book, 2018 & 2023 in FR; 2024 in IT; EN planned for march 2026) 

• Exercises & activities with corrections 

v Course built and evolved over 10 years in parallel with                                                                                

the practice with classes in CH, FR, CA and BE 
(recognized by the international “Contemporary Physics Education Prize” in 2020)

v The content and structure of the course have been cross-evaluated and validated 

by academic experts (RG, cosmology and education) and as part of the publication 

of the book and scientific articles (see e.g. SPS n. 55 or SSPMP n. 137 our PRL)

Teaching material

https://nccr-swissmap.ch/school-teachers-
children/general-relativity

https://physalice.ch/cosmologie/

5A. Gasparini – UniGE/Collège de Genève – Cosmology & RG in high school

https://nccr-swissmap.ch/school-teachers-children/general-relativity
https://physalice.ch/cosmologie/


Teaching material
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Different "thematic paths" can be explored through the chapters, 
following a chosen topic that can be developed by increasing the 
level of difficulty

Examples :

1. Analogies & differences between gravitational and 
electromagnetic interactions 

2. Black holes

3. Curvature & gravitational lensing

4. Expansion of the universe
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• Find Hubble-Lemaître law by comparing nearby galaxies spectra

• Compare the rate of the expansion’s speed at different scales

• Difference between

Ø Doppler effect and cosmological redshift
Ø Hubble radius (z < 1) and horizon (z < ∞)

Examples of activities

H0 = 70 km/s /Mpc = … /km = … /Gpc

Scales, expansion, redshift and distances
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Examples of activities
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Examples of activities

− Dimension analysis

− Parallel geodetics behaviour 

− Newtonian derivation (factor ½)

•What shape of optical lens to obtain this 1/d behaviour? 
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Gravitational Lensing
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• Deflection angle
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• Integrate to find the corresponding optical lens profile

Examples of activities
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Gravitational Lensing
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Examples of activities
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Gravitational Lensing 

• Trigonometry & symmetry  
to find !Einst as a function 
of Mlens
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Examples of activities Black holes
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Examples of activities

Find the mass of  SgrA* 
using Kepler laws for 
the orbit of S2

Find its rS and 
compare with S14 
aphelion  ➪ conclude 
that Sgr A* is a BH

13

Black holes
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Examples of activities
Ø Calculate the 

average ! of           
Sgr A* 

Ø Find the general 
formula of the 
average !BH
decreasing        
as M-2

Ø Tide effect and 
density of a BH

1214

Black holes
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Examples of activities Tide effect near the horizon
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Examples of activities

Microscopic interpretation with QM 
• Pair production in a vacuum (Hawking interpretation)
• Tunneling 

Estimate the temperature of a BH with the indetermination principle

18

Temperature and evaporation
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Examples of activities

Energy-mass 
conservation + 
Stefan-Boltzmann law
(+ some rough but
well justified 
approximations) 
➪ estimate the
BH evaporation 
time te
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Examples of activities
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Equivalence between 
• standard point-mass gravity 
• uniform circular motion  

(artificial gravity)

Equivalence between time dilation 
• for uniform circular motion (RR)
• in presence of a spherical mass 

(GR)

Examples of activities

Time dilation
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Examples of activities
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Time dilation
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Ø Friedmann equation form energy-mass conservation 

Ø Find the cosmological
constant for 
a static universe

Ø Show that it leads to
an unstable solution

Examples of activities Cosmological equations
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Finite value of c + expansion    
➪ on cosmological scales the 
common notion of distance 
splits into 5 different quantities

Examples of activities

… with different behavior 
as a function of the 
redshift z
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Cosmological distances
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Examples of activities

Ø study the limit cases

Ø find the luminosity distance (DL) as 

a function of !" and !m , and 

compare with the Supernova 
Cosmology Project data 

Ø find the value 

of z that 

maximizes the 

proper distance 

at the time of 
emission (Dem)

(with !" = 0 and !m = 1)
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Cosmological distances
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More exemples of activities

• CMB power spectrum and curvature of the universe (ch. 2)

• Equivalence principle, inertia and gravitation for Einstein vs. 
Newton (ch. 3)

• Primordial nucleosynthesis and abundance of light elements (ch. 7)

• Fusion temperature and tunneling (ch. 7)

• Gravitational radiation (ch. 8)
Ø Comparing quadrupole (GW) vs. dipole (EMW) emission 
Ø Why only astrophysical masses can produce such waves ?

Ø Why relativistic sources are needed for detection ? (BH or NS)

Ø Why are these waves so important in the nowadays physics ?

Ø Relation Msource / frequency / detector’s size 

Ø + all the exercises you can do with waves (traditional curriculum)
24
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Study features
• Sample: last year high-school students choosing the PHY

complementary option (CO) course in Geneva
➪ not physics specialized maturity (no PHY specific option)

• 4 class-groups form 2020 to 2024, with global ratio gender of 1.3

• Duration: one semester, from August to January (36 periods)

• Content: Universe scales, structures, composition, acceleration, basics of 
GR, gravitational lensing, black holes (ch. 1 to 5)

Physics Education Research
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Ref : A. Gasparini, A. Müller, F. Stern, L. Weiss, “Cosmology and general relativity 
in upper secondary school through new targeted teaching materials: A study on 
student learning and motivation”, Phys. Rev. Phys. Educ. Res. 21, 020107 (2025)
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• Strong impact of the course on conceptual learning of cosmology, 

based on a CMQ of 14 newly created items following on the 

course content

Learning : PRE/POST comparaison

Index Ppre (SD) Ppost (SD) Cohen’s d
Gain =

(<Ppost> - <Ppre>)/

(1- <Ppre>)

Mean(SD) 0.35(.18) 0.76(.15) 2.8*** 63%
[range of 

values]

[0.06 -> 0.60] [0.43 -> 0.93] [0.44* -> 1.59**] [39% -> 90%]

Medium (*) to large (**) positive size effect on each item, and very large (***) 

overall effect (t-tests with p < .001)

• Moreover, 10 items out of 14 revealed a misconception, overtaken 

after the intervention

Results of PER Conceptual learning
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• Moreover, 10 items out of 14 revealed a misconception, overtaken 
after the intervention 27

Conceptual learning

Item keywords
(translated from 

French)
Right answer

Percent of 
right answers
PRE ® POST

Related misconception

% of answers 
related to the 
misconception
PRE ® POST

We can observe 
other galaxies …

… moving away more 
quickly as their 
distance is greater

37% ® 76%
… moving away with the 
same speed/almost at rest

46% ® 24%

We call “dark 
matter” ... 

matter which does 
not interact 
electromagnetically

31% ® 93% … particles of antimatter 37% ® 0%

The “cosmic 
microwave 
background” is the 
radiation …

… emitted in the 
primordial universe 
when neutral atoms 
were formed

25% ® 91%
… emitted during the 
formation of the first 
galaxies

37% ® 6%

By “dark energy” 
we mean …

… the energy at the 
origin of the change 
in volume of empty 
space

31% ® 87% … the energy of dark 
matter 41% ® 3%

A BH 100 times 
more massive than 
the other is 

10000 times less 
dense 6% ® 43% … the same / 100 / 10000 

times denser 71% ® 25%

Results of PER
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↳ Participants’ interviews  confirm that this can be explained by the adequate 

structure of the course, tailored to the targeted level

↳ Students’ responses indicate how a structured and in-depth treatment of 

certain subjects may not increase their interest, as they are satisfied with 

learning at their current level, but they remain willing to learn more, aware

that this would require a higher level of mathematics and physics
28

Affective outcomes : PRE/POST comparaison

Dependent variable
(number of items in the scale)

Meanpre (SD) Meanpost (SD) Cohen’s d

Interest (K=5) 3.94(.82) 4.08(.92) 0.17
Curiosity State (K=5) 3.93(1.02) 4.40(.98) 0.46*
Self-Concept (K=5) 3.76(.99) 4.02(1.04) 0.26*

Relevance of Science (K=8) 3.67(.88) 3.68(.89) 0.01

Small effect (*) of the intervention on curiosity as a state and self-
concept in relation to the course, based on standard test items 

Affective outcomesResults of PER
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Students’ quotes

Awareness about the physics courses and relevance of science
• "I thought Newtonian mechanics was insufficient for calculating, for 

example, the Schwarzschild radius. I discovered that Newtonian mechanics 
can actually provide good approximations for more complex results.”

• "As for Newton's laws and waves, I can explain them now, and I feel more 
confident about these topics.”

• "It's actually the more philosophical side that is highlighted, thanks to the 
quantitative data, but also to my personal research.”

• “I didn't think the temperature of the universe was that low. Our intuition 
is distorted by our senses and our daily experience.” 

• "Understanding that we are nothing compared to the universe, realizing 
that we are a tiny part of what surrounds us, was very striking to me.”
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Students’ quotes

About curiosity versus interest
• “Curiosity grew because the subject is truly interesting, and there’s so much 

we don’t yet know. But interest might decrease a bit because once you know 
the basics, the course inevitably gets more technical with math and physics. 
As for me, I like astronomy, but I wouldn’t go further now.”

About the course
• “The course came at a very good time because the day after we covered the 

subject, we saw photos of the black hole in the center of our galaxy in the 
newspapers and were able to study it.” (about the M87 black hole by the EHT)

• “The documents were very precise and very well explained, the book is very 
well done, the files with summaries helped a lot.”

• “It was the most interesting course of the year, I loved it, I suggest that it 
always be integrated into the physics course.” 
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Outlook
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• From year 2024-25 the course of C&GR is offered over 2 semesters 

↳ Possibility to complete the 8 chapters 
↳ Also in Italian (Ticino Canton) 

• From 2026 also in English

• A network of collaborating teachers and researchers

↳ improve and expand questioners and interviews to evaluating the 
impact on students’ learning and motivation

↳ update the C&GR educational resources, following the evolution of 
scientific actualities

↳ create new collaborations for observations (Stellarium Gornergrat, 
OFXB in Saint Luc)
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Thank you

alice.gasparini@unige.ch
maria-alice.gasparini@edu.ge.ch

https://physalice.ch/
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